Abstract This proceeding summarises the talk of the awardee of the Spanish Astronomical Society award to the the best Spanish thesis in Astronomy and Astrophysics in the two-year period [2006][2007]. The thesis required a tremendous observational effort and covered many different topics related to brown dwarfs and exoplanets, such as the study of the mass function in the substellar domain of the young σ Orionis cluster down to a few Jupiter masses, the relation between the cluster stellar and substellar populations, the accretion discs in cluster brown dwarfs, the frequency of very low-mass companions to nearby young stars at intermediate and wide separations, or the detectability of Earth-like planets in habitable zones around ultracool (L-and T-type) dwarfs in the solar neighbourhood.
"De fuscis pusillis astris et giganteis exoplanetis" (Part I)
The recipient of the Spanish Astronomical Society (Sociedad Española de Astronomía) award to the best Spanish thesis in Astronomy and Astrophysics in the two-year period 2006-2007 was the thesis "Formation, evolution and multiplicity of brown dwarfs and giant exoplanets" ("Formación, evolución y multiplicidad de enanas marrones y exoplanetas gigantes"), by the author of this proceeding. It was supervised by R. Rebolo My thesis was an ambitious initiative to search for the answers to some key questions in Astrophysics: How and where do the substellar objects form? What are their properties? How are they related to stars? Such answers should be obtained through observations at 1-10 m-class telescopes, especially in the red optical and the nearinfrared. Just to illustrate the amount and variety of data eventually collected or the difficulty in summarising the thesis in a short talk or in this proceeding, during my PhD, I observed during 192 telescope nights with 18 different instruments in 11 different telescopes, not counting data aquired by other observers or with space missions (e.g. Hubble, Spitzer, XMM-Newton). I splitted the 459 pages of the thesis into five parts, 11 chapters and three appendices, which can be downloaded from a public ftp site 1 . Most of the chapters have been the basis of many refereed publications in main international journals. The used language was Spanish.
Brown dwarfs and objects beyond the deuterium-burning mass limit (Chapter 1)
This was the necessary introductory chapter of the thesis. It dealt with the following subjects:
• Physical properties of substellar objects: basic definitions, hydrogen and deuterium-burning mass limits, lithium test; time evolution of physical parameters (luminosity, temperature, absolute magnitudes, colours); ultracool atmospheres, new spectral types L and T, meteorology. • Young star clusters, photometric searches and the substellar initial mass function.
• Ultracool companions to stars, multiplicity of L and T dwarfs, circumsubestellar discs (with compilations of late-type companions and very low-mass binaries).
The chapter ended with the main aims of the thesis, which were studying the mass function in the substellar domain of the σ Orionis cluster (τ ∼ 3 Ma) down to a few M Jup , the relation between the cluster stellar and substellar populations, the accretion discs in young cluster brown dwarfs, the frequency of very low-mass companions to nearby young stars (τ ∼ 100 Ma) at intermediate and wide separations, and the detectability of Earth-like planets in habitable zones around ultracool (L and T) dwarfs in the solar neighbourhood.
2 The substellar population in σ Orionis and its relation with the stellar population (Part II)
The σ Orionis cluster (Chapter 2)
The fourth brightest star in the Orion Belt, about 2 mag fainter than the three main stars, is σ Ori. The star, which is actually the hierarchical multiple Trapezium-like stellar system that illuminates the famous Horsehead Nebula, has taken a great importance in the last decade. Its significance lies in the very early spectral type of the hottest component (σ Ori A, O9.5V) and in the homonymous star cluster that surrounds the system (Garrison 1967 ). The σ Orionis star cluster, re-discovered due to its large number of X-ray emitters (Wolk 1996) , contains one of the best known brown dwarf and planetary-mass object populations (Béjar et al. 1999 
Multiobject spectroscopy in σ Orionis: a bridge between the stellar and substellar populations (Chapter 3)
We used the Wide Field Fibre Optical Spectrograph instrument and the robot positioner AutoFib2 (WYFFOS+AF2) at the 4.2 m William Herschel Telescope to aquire about 200 intermediate-resolution (R ∼ 8000) spectra of sources in the direction of σ Orionis. We covered the wavelength range between 6400 and 6800Å. We compiled a list of 80 cluster members with WYFFOS+AF2 spectroscopy, based on the presence of Li I λ 6707.8Å in absorption and Hα λ 6562.8Å in emission (late and mid-type stars) or spectral type determination (early-type stars). About one half of the objects were spectroscopically studied there for the first time. Using available data on the members, we investigated: • the widening of photospheric lines (of up to 100 km s −1 ) due to fast rotation;
• the relationship between the L ′ -and K s -band flux excesses and the spectroscopic features associated with accretion from protoplanetary discs; • the average of the radial velocity of the cluster members (+30.2 km s −1 ) and the existence of radial velocity outliers (probably due to unresolved close companions and contaminants of overlapping young stellar populations in the Orion Belt);
• and the frequency of X-ray emitters catalogued by ROSAT and ASCA space observatories as a function of spectral type (the bulk of the K stars are X-ray emitters).
Our WYFFOS+AF2 data were used in the analysis of chemical abundances of late-type pre-main sequence stars in σ Orionis by González-Hernández et al. (2008), where we first determined the mean photospheric metallicity of the cluster. Besides, we presented a new Herbig-Haro object candidate (a few arcseconds to the southwest of the classical T Tauri star Mayrit 609206) 2 and preliminary results on topics that have been developed afterwards, such as radial distribution (Caballero 2008a ) and wide binarity (Caballero 2008d).
A new mini-search in the centre of σ Orionis (Chapter 4)
Because of the intense brightness of the OB-type multiple star system σ Ori, the low-mass stellar and substellar populations close to the centre of the very young σ Orionis cluster was poorly know. I presented an IJHK s survey in the cluster centre, able to detect from the massive early-type stars down to cluster members below the deuterium burning mass limit. The near-infrared and optical data were complemented with X-ray imaging with the XMM-Newton and Chandra space missions. Ten objects were found for the first time to display high-energy emission. Previously known stars with clear spectroscopic youth indicators and/or X-ray emission defined a clear sequence in the I vs. I − K s diagram. I found six new candidate cluster members that followed this sequence. One of them, in the magnitude interval of the brown dwarfs in the cluster, displayed X-ray emission and a very red J − K s colour, indicative of a disc 3 . Other three low-mass stars have excesses in the K s band as well. The frequency of X-ray emitters in the area is 80±20 %. The spatial density of stars is very high, of up to 1.6±0.1 arcmin −2 . There was no indication of lower abundance of substellar objects in the cluster centre. Finally, I also reported two cluster stars with X-ray emission located at only 8000-11000 AU to σ Ori AFB, two sources with peculiar colours and an object with X-ray emission and near-infrared magnitudes similar to those of previously-known substellar objects in the cluster. While many multiple stellar systems and isolated substellar objects are found in the σ Orionis cluster, no brown dwarf or planetary-mass object at projected physical separations from stellar members at less than about 10 000 AU has been published yet (but see the brown dwarf-exoplanet system candidate in Caballero et al. 2006b ). Through a pilot programme of near-infrared adaptive optic imaging with Naomi+Ingrid at the William Herschel Telescope, we investigated the coronae between 150 and 7000 AU from six stellar cluster members. The observed stars covered a wide range of spectral types, from O9.5V to K7.0. Apart from the adaptive optic images, we used other near-infrared, optical and X-ray data to derive the real astrophysical nature of the detected visual companions. A total of 22 visual companions to the primary targets were detected in this pencil-beam survey. Six sources showed blue optical-near-infrared colours for their magnitudes, and they did not match in any colour-magnitude diagram of the cluster. There is not enough information to derive the nature of other five sources (including a faint object 2 arcsec northeast of Mayrit 11238; see Bouy et al. 2008 . Even if their common spatial velocities are measured in the future, it is not known whether the systems will survive the gravitational field of the young cluster.
The mass function down to the planetary domain: the "Anaga" survey (Chapter 6)
We Four were first identified from our optical/near-infrared data. Eleven had most probable masses below the deuterium burning limit, which we therefore classified as candidate planetary-mass objects. The slope of the substellar mass spectrum (∆ N/∆ M ≈ aM −α ) in the mass interval 0.11 M ⊙ < M < 0.006 M ⊙ is α = +0.6±0.2. Any mass limit to formation via opacity-limited fragmentation must lie below 0.006 M ⊙ . The frequency of σ Orionis brown dwarfs with circumsubstellar discs is 47±9 %. The continuity in the mass function and in the frequency of discs suggests that very low-mass stars and substellar objects, even below the deuteriumburning mass limit, share the same formation mechanism. Besides, the technique used for calculating in detail the back-and foreground contamination by field dwarfs of very late spectral types (intermediate and late M, L, and T) that we presented in this chapter was developed by 3 Activity and meteorology in ultracool objects: discs and atmospheres (Part III)
Photometric variability of young brown dwarfs in σ Orionis (Chapter 7)
We carried out multi-epoch, time-series differential I-band photometry of a large sample of objects in the south-east region of the σ Orionis open cluster. A field of ∼1000 arcmin 2 was monitored with the Wide Field Camera at the Isaac Newton Telescope during four nights over a period of two years. Using this dataset, we studied the photometric variability of twenty-eight brown dwarf cluster candidates with masses ranging from the stellar-substellar boundary down to the planetary-mass domain. We found that about 50 % of the sample showed photometric variability on timescales from less than one hour to several days and years. The amplitudes of the I-band light curves ranged from less than 0.01 up to ∼0.4 mag. A correlation between the near-infrared excess in the K s band, strong Hα emission and largeamplitude photometric variation was observed. We briefly discussed how these results may fit the different scenarios proposed to explain the variability of cool and ultracool dwarfs (i.e. magnetic spots, patchy obscuration by dust clouds, surrounding accretion discs and binarity). Additionally, we determined tentative rotational periods in the range 3 to 40 h for three objects with masses around 60 M Jup , and the rotational velocity of 14±4 km s −1 for one of them. The shortest periods can be explained by pulsational instability excited by central deuterium burning during the initial phases of evolution of young brown dwarfs. We presented a spectrophotometric analysis of Mayrit 495216 (S Ori J053825.4-024241), a candidate member close to the substellar boundary of the σ Orionis cluster. Our optical and near-infrared photometry and low-resolution spectroscopy indicated that Mayrit 495216 is a likely cluster member with a mass estimated from evolutionary models at 0.06
−0.02 M ⊙ , which made the object a probable brown dwarf. The radial velocity of Mayrit 495216 was similar to the cluster systemic velocity. This target, which we classified as an M 6.0±1.0 low-gravity object, showed excess emission in the near-infrared and anomalously strong photometric variability for its type (from the blue to the J band), suggesting the presence of a surrounding disc. The optical spectroscopic observations showed a continuum excess at short wavelengths and a persistent and resolved Hα emission (pseudo-equivalent width of about -250Å) in addition to the presence of other forbidden and permitted emission lines, which we interpret as indicating accretion from the disc and possibly mass loss. We concluded that despite the low mass of Mayrit 495216, this object exhibits some of the properties typical of active classical T Tauri stars. 
A search for very low-mass objects around nearby young stars (Chapter 9)
There is a strong competition for searching for and characterising resolved brown dwarfs and exoplanets in orbit to neighbour stars, being the ultimate goal of many astronomers the imaging of exoearths in solar-like systems. Given the overluminosity of very low mass objects during their contraction phase, most high spatialresolution, photo(astro)metric searches have tended to explore nearby (d < 100 pc), young (τ ∼ 10- 5 Conclusions, appendices and bibliography (Part V)
Summary (Chapter 11)
As a corollary of my thesis, the frequency of substellar companions is low, whether around nearby stars in the field or whether close to very young stars in the σ Orionis cluster. However, isolated brown dwarfs and planetary-mass objects in clusters represent a significative fraction of the total number of objects (but not of the total mass). The similarity in spatial distribution and the continuity in the rising mass spectrum and in the frequency of discs suggest that very low-mass stars and substellar objects, even below the deuterium-burning mass limit, share the same formation mechanism. If they formed in protoplanetary discs by gravitational instabilities, a very efficient ejection mechanism would be necessary during the first few million years. Thus, the isolated planetary-mass objects that we find free-floating in clusters likely formed from turbulent fragmentation in the primigenious gas cloud.
This thesis is a "full stop, new sentence" in the quotation Smaller, Fainter, Cooler (in humorous contraposition to Bigger, Stronger, Faster) of the brown dwarf and exoplanet searches.
